OPpeNh.MIcNigan

Author: A. Kent Christensen, Ph.D., 2009

License: Unless otherwise noted, this material is made available under the terms of
the Creative Commons Attribution — Share Alike 3.0 License:
http://creativecommons.org/licenses/by-sa/3.0/

We have reviewed this material in accordance with U.S. Copyright Law and have tried to maximize your ability to use, share, and
adapt it. The citation key on the following slide provides information about how you may share and adapt this material.

Copyright holders of content included in this material should contact open.michigan@umich.edu with any questions, corrections, or
clarification regarding the use of content.

For more information about how to cite these materials visit http://open.umich.edu/education/about/terms-of-use.
Any medical information in this material is intended to inform and educate and is not a tool for self-diagnosis or a replacement for

medical evaluation, advice, diagnosis or treatment by a healthcare professional. Please speak to your physician if you have questions
about your medical condition.

Viewer discretion is advised: Some medical content is graphic and may not be suitable for all viewers.

UNIVERSITY OF MICHIGAN @ @ @



Citation Key

for more information see: http://open.umich.edu/wiki/CitationPolicy

Use + Share + Adapt

{ Content the copyright holder, author, or law permits you to use, share and adapt. }

(@) renc

Public Domain — Government: Works that are produced by the U.S. Government. (17 USC § 105)
Public Domain — Expired: Works that are no longer protected due to an expired copyright term.
Public Domain — Self Dedicated: Works that a copyright holder has dedicated to the public domain.

Creative Commons — Zero Waiver

Creative Commons — Attribution License

Creative Commons — Attribution Share Alike License

Creative Commons — Attribution Noncommercial License

Creative Commons — Attribution Noncommercial Share Alike License

GNU - Free Documentation License

Make Your Own Assessment
{ Content Open.Michigan believes can be used, shared, and adapted because it is ineligible for copyright. }

[ i [Po-thEL |

Public Domain — Ineligible: Works that are ineligible for copyright protection in the U.S. (17 USC § 102(b)) *laws in
your jurisdiction may differ

{ Content Open.Michigan has used under a Fair Use determination. }

Fair Use: Use of works that is determined to be Fair consistent with the U.S. Copyright Act. (17 USC § 107) *laws in your
jurisdiction may differ

Our determination DOES NOT mean that all uses of this 3rd-party content are Fair Uses and we DO NOT guarantee that
your use of the content is Fair.

To use this content you should do your own independent analysis to determine whether or not your use will be Fair.



Histology of the Male
Reproductive System

M1 - Endocrine/Reproduction Sequence

A. Kent Christensen
Department of Cell and Developmental Biology
University of Michigan Medical School

Winter, 2009



Male reproductive system
Sperm

Sperm production in the testis

— Spermatogenesis
* Meiosis
* Spermiogenesis

Sertoli cell
Leydig cell (source of testosterone)

Hormonal regulation of the male system

— Testosterone
— Pituitary hormones (LH, FSH)

The male reproductive tract
Passage of sperm to the site of fertilization



Sperm
(About 65 pm long)

e Head

— Nucleus: tightly-packed 23
chromosomes.

— Acrosome: Flattened sac containing
digestive enzymes.

 Talil
— Central core is a typical flagellum
(9+2=axoneme). Dense fibers.

— Middle piece: Helically wound
mitochondria.

— Principal piece: Fibrous sheath (for
support).

— End piece: End of flagellum.

° P|asma membrane_ A= LadyofHats, wikimedia commons




Sperm, EM
drawing

@ [FEIRERT Bloom and Fawcett Histology, 11th ed.




Sperm, EM drawing, detail

& [FEIRECDT Bloom and Fawcett Histology, 11th ed.




Sperm head,
longitudinal EM
section, showing
nucleus and
acrosome

Acrosome contains
enzymes (hyaluronidase,
neuraminidase, acid
phosphatase, acrosin),
which will be released in
the "acrosome reaction” at [EEESEET]LadyofHats,
the time of fertilization.




Middle piece, EM cross section view

& [FEsER Visual atlas of human sperm structure and function for assisted reproductive technology




Male reproductive organs

[(-JIZETSM EIf Sternberg, wikimedia commons




Testis

The testis has about 250 lobules, each containing
1-4 seminiferous tubules.

« Seminiferous tubule
— Germ cells: Develop into sperm.

— Sertoli cells: Somatic cells, support, nutrition, hormone
receptors.

— Boundary layer (flattened fibroblasts).

* Interstitial tissue
— Leydig cells produce testosterone (a steroid hormone).
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Testis, low power LM, seminiferous tubules

% [FomeL ] A K. Christensen




Seminiferous tubule and interstitial tissue, human testis, LM

@ [FSNELT] A K. Christensen




Spermatogenesis

Development of germ cells into sperm.

« Stem cells: Spermatogonia
— With 23 pairs of chromosomes (normal amount of DNA).

* Melosis: Primary and secondary spermatocytes

— Primary spermatocyte: Chromosome pairs fuse, crossing over.
Long prophase (about 20 days). First meiotic division, where
each daughter cell receives one chromosome from each pair.

— Secondary spermatocyte: Prompt second meiotic division,
which is a normal mitotic division.

 Spermiogenesis: Spermatids
— With 23 chromosomes (half of DNA, for fertilization).
— Remarkable differentiation into sperm.



_@ [FERELT Source Undetermined




Steps of spermatogenesis

@ [FESiREL Heller and Clermont, 1964




Seminiferous tubule, LM

% [FomeL ] A K. Christensen




Primary spermatocytes, spermatids, Sertoli cells

[ @ [FSSNEL ] A K. Christensen




Secondary spermatocyte, division figures

[@ [FoameL | A K. Christensen




Spermiogenesis, diagram

[& [PNEL ] Junqueira and Carneiro, 10th ed., 2003, page436, fig. 22-9




Spermatid,
acrosome,

flagellum,
EM

[@ [FoameL | A K. Christensen




Sertoli cell

Cell trunk extends from basement
membrane to lumen.

Supports and nourishes germ cells. All
germ cells are surrounded by Sertoli
processes or lie in Sertoli surface
invaginations.

Main endocrine target cell in the
seminiferous tubule.

— Testosterone receptors.

— Follicle stimulating hormone (FSH)
receptors.

Blood-testis barrier (Sertoli-Sertoli tight
junctions).
— Blocks entrance of extraneous
proteins, etc., into seminiferous

tubules between Sertoli cells (must go
through Sertoli cell).

— Special fluid inside tubule (high K+)
made by Sertoli cell.

— Possible protection of germ cells from
immune system.

« Sperm first arise at puberty, when
immune system already set.
Sperm surface antigens may be
seen as foreign.

IR Fawcett, Handbook of Physiology, 1975



Blood-testis barrier (= Sertoli-Sertoli junction)

@ [FEIRERT Fawcett, Handbook of Physiology, 1975




Tight junctions of the blood-testis barrier, freeze-fracture, EM

& [FEEREDT Fawcett, Handbook of Physiology,1975




Leydig cell

 Source of the male sex hormone
testosterone, a steroid hormone synthesized
from cholesterol. Testosterone is the main
testicular androgen.

 Testosterone secretion is regulated by
pituitary LH.

A well-developed smooth endoplasmic
reticulum (SER) is the site of most enzymes
of testosterone biosynthesis.



Leydig cells in the interstitial tissue, testis, LM

[& [FowmeL | A K. Christensen




EM of Leydig cell cytoplasm, showing abundant smooth ER

[@ [FoameL | A K. Christensen




Actions of androgen

On Seminiferous tubules

— Testosterone is the main hormone regulating
spermatogenesis. It acts on Sertoli cells, which have
androgen receptors.

On the male reproductive tract

— Androgen regulates development and maintenance of

most of the tract. Dihydrotestosterone(DHT).

On male secondary sexual characteristics,

which arise at puberty

— Muscle tone and strength.

— Lower voice.

— Axillary and pubic hair.

— Beard and dense body hair, acne.

— Receding hairline and baldness (also genetic).



Action of testosterone on the male tract, rat

[ @ [FWeE ] Turner and Bagnara, General Endocrinology, 5th ed, 1971, fig 12-7, p 454




Pituitary regulation of male reproduction

* Luteinizing hormone (LH)

— Regulates androgen secretion by Leydig cells. The androgen
then regulates spermatogenesis, the male tract and male
secondary sexual characteristics.

— LH receptors are on the plasma membrane of Leydig cells.

* Follicle stimulating hormone (FSH)

— Regulates the establishment of spermatogenesis at puberty.

— FSH receptors are on the plasma membrane at the basal
surface of Sertoli cells.

— Although Sertoli cells in the mature testis have FSH
receptors that probably have some functions, FSH does not
appear to be essential for spermatogenesis in the adult
testis.



Testis of a rat from which pituitary removed
(= hypophysectomy), LM

[@ [FNEL ] A K. Christensen




Sperm pathway through the male tract

Mediastinum of the testis.
Straight tubules. Rete testis.

Efferent ducts. Passageway
from testis to epididymis.
There are 15-30 efferent ducts.

Epididymis. Head, body, tail.
Single long coiled duct (~6 m
long). Sperm mature during
passage, and are stored in the
tail of the epididymis (for
ejaculation).

Ejaculation

— Ductus deferens conducts
sperm from epididymal tail.

— Seminal vesicles usually
furnish most of seminal
fluid.

- PrOStat_e glan(_:l contributes IENEEIE Ross and Pawlina, 5th ed, 2007, fig 22.4a, pg 732.
to seminal fluid.

— Semen passes through
prostatic and penile urethra.



Mediastinum (dense irreg. C.T.), rete testis (channels), LM

[@ [FoameL | A K. Christensen




Efferent duct, epididymis, LM

@ [FSNELT] A K. Christensen




Efferent duct (star-shaped lumen)

+<—— Smooth muscle

% [FomEL ] A K. Christensen




Epididymis (pseudostratified columnar epithelium)

<— Microvilli
(“stereocilia”)

Basal cell—

[@ [FoameL | A K. Christensen




The scrotum keeps testis
about 2° cooler than rest
of body. If not, then testis
inactive (= cryptorchidism)

Image of
cryptorchidism and
ectopia removed.
Original here: Ciba
Collection of
Medical
lllustrations, by
Frank Netter.




Male reproductive tract

[-JIEZTS| EIf Sternberg, wikimedia commons




Spermatic cord: ductus (vas) deferens, testicular artery,
pampiniform plexus of veins, cremaster muscle, LM

@ [FESiRER Kirkman slide collection




Semen

Normally about 3.5 ml per ejaculate in humans.

* Sperm
— About 100 million sperm per ml. Concentrations lower
than about 20 million/ml may cause fertility problems.

« Seminal fluid

— Mainly from seminal vesicle (usually about 70%),
prostate and epididymis.



Seminal vesicle, human, low power LM

& [FEIREDT Kirkman histological slide collection




Seminal vesicle, LM

Smooth Mucosal folds
muscle

@ [FEERELT From Japanese 35mm histological slide set (Mizoguti), slide 689




Prostate gland

Drawing of glands in a fetal
prostate. Compound
tubuloalveolar glands, each
emptying separately into
the prostatic urethra.
Below is a cross section of
the fetal prostate.

Image of fetal
prostate glands
removed. Original
here: Campbell
M.F. & Harrison
J.H., 1970,
Urology, vol. 1, ed.
3, page 141




Adult prostate gland, cross section, low power LM.
There are 30-50 compound tubuloalveolar glands. The secretion is
expelled into the semen during ejaculation. The contents include acid
phosphatase, citric acid, fibrinolysin, and prostate-specific antigen (PSA).

_@ [em=EREL University of Michigan Virtual Slide Collection




Prostate Gland

The glands are organized into
three rather indistinct zones:

(1) Mucosal (or urethral) glands.

(2) The main (or peripheral)
glands occupy about 70% of
prostate volume.

(3) Submucosal (or median)
glands are located anteriorly
between the mucosal and main
glands.

Benign prostatic hypertrophy
(BPH, nodular hyperplasia) is
common in men over 50 years of
age. It occurs primarily in the
mucosal and submucosal
glands, sometimes giving rise to
urethral obstruction.

Prostatic cancer (carcinoma) is
the second most frequent cause
of death from cancer in U.S.
males. Carcinomas occur
primarily in the main (or
peripheral) glands.




Detail of prostate glands, LM

Smooth muscle

[@ [FoameL | A K. Christensen




Prostate gland, concretions (= amyloid bodies),
composed of calcified glycoproteins

Smooth
muscle

& [Fe=iRelll Kirkman histological slide collection




Penis cross section, LM drawing

Dorsal veins Dorsal artery and nerve
Intequment
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Fertilization

Semen is deposited in the female tract.

Cervix: Ability of sperm to pass depends on the
consistency of cervical mucus.

Lumen of uterus and oviducts: Sperm undergo
"capacitation,” an induced change that will allow
sperm to undergo subsequent acrosome reaction.

Events in vicinity of ovum (usually in the ampulla of
the oviduct):

— Secretion from the ovum induces sperm to undergo an
acrosome reaction, releasing acrosomal hydrolytic enzymes
that may facilitate sperm entry through the cumulus and zona
pellucida of the ovum.

— A sperm enters the ovum. Subsequent sperm are excluded.

— Fusion of the female and male pronuclei yields a nucleus with
23 pairs of chromosomes, the beginning of a new individual.



Fertilization: acrosome reaction releases hydrolytic enzymes
that help sperm reach the surface of the egg

| @ [Fo-sEr || LadyofHats, wikimedia commons
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